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Abstract 
Water is affecting many aspects of human life, either in good or bad way. Water supports human life and become source of 
growth but water also takes away a lot of life which causes poverty. Water security itself means the capacity of population to 
harvest the benefits of water for human’s life and environment and to protect themselves from water-related hazards at the same 
time1,2. 
Many developed countries which have invested earlier in both water infrastructure and institutions have achieved their water 
security status. As a result, they are able to harness the supportive side of water for economic growth. On the other hand, water 
investment in developing countries has not been able to fulfill basic requirements in the protection and access to water3. Global 
change puts additional pressure for countries in achieving water security due to increasing uncertainties and frequency and 
magnitude of extreme events. Increasing population, change of life style due to economic development, and declining of water 
quality and quantity reduce the access to supportive side of water.   
Government also plays central role in the early investment in achieving basic water security through its fiscal resources. Before 
achieving water security, public investment in water security will not significantly improve the economic growth of a country and 
therefore politically become unpopular. In addition to this, threats from global change will likely give adverse effects and shocks 
on economy unless these threats are not properly addressed in water investment. Analysis using decision support system in 
hydro-economic may help these governments to manage their investment strategically taking into account the associated risk of 
global change. Thus, this paper will review the existing hydro-economic models and their potential contribution in supporting 
decision in water investment related to water security concept. 
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1. Introduction 
Achieving water security has always been a societal priority, both in harnessing its support to sustain human life 
and reducing its destructive impact. Water security captures the duality function of water as “the capacity of a 
population to safeguard access to adequate quantities of water of acceptable quality for sustaining human and 
ecosystem health on a watershed basis, and to ensure efficient protection of life and property against water related 
hazards -- floods, landslides, land subsidence, and droughts”2.  
Water is a main driver to the development and the source of economic growth. Although there has been escalating 
discussion whether water is a public good or market commodity, water, in principal, is an input in almost all 
production activities, such as agriculture, energy, transport, industry and even production of healthy and productive 
human capital. This part represents the supportive side of water towards economic growth. In order to be able to use 
water’s supportive side, people need to manage its spatial and temporal variability of water quantity and protect its 
quality through investments in water transfer, storage, treatment, land use planning, etc. 
Water supports human life, as long as it is still manageable. Beyond its management capacity, either it is too little 
or too much, water becomes destructive. In Ethiopia, for example, the inability to cope with the high rainfall 
variability because of limited water storage capacity hampers the country’s economic to grow (Fig. 1). The figure 
depicts that the percentage changes in GDP Growth is correlated with the rainfall variation. There are also many 
other examples, which show limitation in the ability to manage the enormous quantity of water as in the case of 
floods and create damages both in human’s life and properties. In this case, water restrains the economic growth and 
failure in water management characterizes the destructive side of water. 
Fig. 1. Rainfall Variation Around the Mean and GDP Growth in Ethiopia (World Bank, 2006) 
Attention to water as the source of growth and development has been increased significantly. In the 4th World 
Water Forum in Mexico City, “Water for growth and development” has been discussed as one of its main themes. 
The forum prepared a framework document to discuss how water secured countries are able to harness sustainable 
economic growth and countries which have not achieved water security either ‘constrained’ or ‘stalled’ in its 
development3.  The discussion suggested that in order to achieve water security, a country should spend up to a 
certain amount of water investment to reach ‘tipping point’. This tipping point represents the minimum investment 
platform to harness water contribution for growth (Fig. 2a). The magnitude of this tipping point is different among 
countries depending on their hydrological condition (Fig. 2b). Figure 2a shows that below the tipping point, a 
country considered to be water insecure and therefore unable to harness the benefit of water and enjoy it for 
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economic growth. Above the tipping point, after the country invested enough in water infrastructure and institution, 
a country considered to be water secure and therefore able to harness the benefit of water for economic growth. The 
amount of investment differs among countries depending on their hydrological condition (Figure 2b) and economic 
structures. Countries with ‘easy’ hydrology may harness the benefit of water with less investment and those with 
‘difficult’ hydrology have to invest more. Based on these graphs, investment in water takes time and considerable 
amount of resources; therefore the benefit in the form of stable economic growth can be obtained in longer period.  
 
 
Fig. 2. (a) Water and growth S-curve; (b) Water security scenarios1 
Population growth, change in lifestyles, deterioration of ecosystem-services, and climate change reduce access to 
adequate quality and quantity of water as well as increase the variability and magnitude of extreme events. With less 
and less access to fresh-water and ever-increasing risks in extreme events, it will be more difficult to achieve water 
security and to sustain it. 
Government plays central role in the early investment in achieving basic water security through its fiscal 
resources. However, in the poorest countries, economic actors tend to be extremely risk-averse – they tend to 
minimize their downside risks rather then to invest in potential gains. In addition to financial and technical 
constraints, public investment in water becomes politically unpopular, as it will not significantly improve the 
economic growth until it reaches the minimum investment platform. Recently, many countries are promoting private 
investment to complement their investment in strategic infrastructures4. Analysis using decision support system may 
help these governments to manage their investment strategically taking into account the associated risk of global 
change. 
2. Hydro-economic models as Decision Support System (DSS) 
Decision support system has been long used as a tool for water resources management. It is intended to bridge the 
gap between policy and science to manage water for environment and socio-economic activities. This includes vast 
variety of methods with different purposes. As previously mentioned, the demand for information on the influence of 
water to the economy has been increasing significantly. Thus, it is essential to capture the complex interactions 
between economy and water through formal, mathematical models which link relevant hydrological and 
biogeochemical processes to economic laws of supply and demand5.The role of cost and economic value play in 
water allocation is implicit, but often poorly understood, even by those who make critical allocation decisions6.  
In principal, hydro-economic models are tools to understand how changes in hydrological state variables are 
affecting the economic state variables and ecological state variables (Fig. 3). These tools enable decision makers to 
see available options and understand the consequenceswo of their decision in one or more economic sector(s). Most 
of the available hydro-economic models attempt to solve specific water management problem such as water supply 
and pollution, water scarcity and allocation, flooding and flood damage, etc. and their impacts to one or two sectors. 
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The main focus of these types of model is water system (hydrological state variables) and linked to an economic 
activity through a demand function. This demand function often depends on fixed (exogenous) technical input-
output parameters of the economic production process involved (e.g. irrigation demand from agriculture), and 
reflects at best a partial economic equilibrium system of demand and supply equations5. Only a few models 
developed based on the economic state variables. These models focus on economic consumption (demand) and 
production (supply) activities where water is an essential input7,8. Even less model provides links between decisions 
taken in water resources management and their influence in the ‘economy-wide’ sector at national level9,5. It was 
mentioned that “economy-wide economic models, such as general equilibrium or input–output models differ from 
most hydroeconomic models by representing how water resource policies or shocks affect the entire economic 
system, rather than focusing only on how economics affects water resource management”10. 
 
 
Fig. 3. Disciplinary dimensions underlying integrated hydro-economic modeling5 
Climate change, on the other hand, has brought up the challenge in building reliable hydro-economic models into 
another level. Many economies are at risk of significant episodic shocks and worsened chronic water scarcity and 
security due to climate change11, hence uncertainties of climate change projections bring more challenges in taking 
up decisions in the investments of its adaptation strategies. There is a need in developing a decision support system, 
which enables policy makers and decision takers to choose ‘no-regret’ or ‘low-regret’ adaptation investments. Not 
only that such DSS should be able to give illustration of socio-economic impacts of climate change in different 
projections and cost and benefits of adaptation investments through long-term growth, but also it should be able to 
capture effects such as short-term shocks12.  
 
3. Existing hydro-economic models 
In order to capture the water security concept, hydro-economic models should be able to carry out simulation of 
both positive and negative impacts of water to the economic growth rate. In the perspective of spatial and temporal 
scale, the model should represent economy-wide sector in long-run time scale (monthly to several decades). 
However, the model should be able to capture short-term shocks and therefore able to integrate the climate change 
impacts on economic growth. This section will discuss existing research in developing hydro-economic models as 
decision support tools water investments, which contributed to the decision making, and can be further expanded to 
capture the concept of water security.  
 
 
3.1 A Dynamic General Equilibrium Analysis of Adaptation to Climate Change in Ethiopia (Robinson et.al, 2012) 
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An analysis based on hydro-economic model was developed for Ethiopia aiming at contributing to a scientifically 
grounded assessment of Ethiopia’s economic development prospects in a changing climate. The model consists of a 
multi-sectoral, regionalized, dynamic, computable general equilibrium (CGE) model of Ethiopia and a system 
country-specific hydrology, crop, road and hydropower engineering models. These models are linked to simulate the 
economic impacts of climate change scenarios from global circulation models (GCMs) to 2050.The modeling 
framework is shown in Fig. 4. 
 
 
Fig. 4. Modelling Framework13 
The simulation shows economic impacts of climate change using 5 scenarios i.e. no climate change (only 
trajectory of historical climate shocks), very wet climate change shock for Ethiopia (local wet), very dry climate 
change shock for Ethiopia (local dry), global wet climate change shocks and global dry climate change shocks. 
Furthermore, it simulates adaptation investment scenarios in agriculture, road and dam/hydropower. 
Based on the simulation results, an analysis of climate change adaptation investments were carried out to see the 
difference in Ethiopia’s GDP from baseline (no climate change scenario) with and without adaptation strategies. The 
combined models were able to calculate aggregate welfare (real absorption) impacts in the presence of the adaptation 
investment program. In addition to being able to calculate the welfare losses and GDP variability, the combined 
models appears to be quite sensible to calculate the cost-benefit analysis by comparing the present value of 
cumulated avoided welfare losses and undiscounted adaptation investment expenditure required to achieve 
adaptation gain. 
The new approach in analyzing the economic impacts of climate change and adaptation investments using the 
combined models are able to give illustrations of how the climate change impacting the economic growth and how 
the adaptation investments can give social benefits that are potentially a large multiple of the investment cost. The 
combined model takes into account benefits from water and also losses by floods and droughts. The analysis focuses 
in the sectors with high influence to the economic growth and highly sensitive to the climate change such as 
agriculture, energy (hydropower) and transportation (road). The simulation gives an overall look to decide on 
adaptation strategy that favors no-regret and low-regret measures by comparing results of scenarios. As an example, 
if an irreversible investment gives contradictory results between wet and dry scenarios, investment should be 
delayed until further information become available. 
 
 
 
748   Eva Mia Siska and Kaoru Takara /  Procedia Environmental Sciences  28 ( 2015 )  743 – 749 
3.2 A Computable General Equilibrium Analysis of Projected Water Shortages in the Arkansas River Basin 
(Goodman D.J., 2000) 
 
There was a need in increasing municipal water demand in the Arkansas River Basin and thus options of building 
more storage or water transfer were being considered. The water transfer option was not popular due to concern that 
this option woulddecimate the rural communities’ water demand in agriculture. However, building more reservoirs 
wouldalso reduce the availability of agriculture land and therefore the income of rural communities. In order to 
provide a more complete and accurate portrayal of the impacts of water transfer to regional income in comparison to 
building more water storage, a general equilibrium model of southeastern Colorado economy was used. 
The southeastern Colorado regional model is set up with four factors of production: land, labor, capital, and 
water; and four productive sectors: irrigated and non-irrigated agriculture, commerce, and industry. The General 
Equilibrium Economic Model used two regional representative agents, rural and urban, which maximize utility 
subject to the value of income derived from their resource endowments. The model was calibrated to an initial 
benchmark equilibrium using the IMPLAN data set and after benchmarked to 1995 base year data it was then set up 
as a dynamic model to simulate the economy throughout the 2000-2040 period. While the hydrological variability 
was not properly described in the paper, the water availability of dry and wet years was applied. 
The study compared the results from Input-Output model with results from Computable General Equilibrium 
model. The CGE model provided results of policy changes more realistic by allowing substitution in response to 
economic conditions. The results showed that expanding capacity of reservoir (storage) will not significantly 
increase gains in both urban and rural area, whereas the cost of building such reservoir is high. The model also 
showed that increased water transfer gives more benefits for both rural and urban regions.  
The study provides different perspectives in looking at solutions for water provision between rural and urban 
areas.The model, in particular, gives scientific bases that unpopular decision such as temporary water transfer from 
rural to urban area is more efficient than traditional decision of building more water storage. Such scientific bases 
will be helpful in building no-regret and low-regret investments and at the same time can be communicated to public 
in general.  
4. Conclusions 
The previous studies were selected among various existing study on water to show how hydro-economic models 
can support decision-makings for unpopular decision and manage water investment strategically. The use of 
Computable General Equilibrium model to support decision making in economic growth are widely used. However, 
the long-term growth modelscannot capture the effects of such short-term shocks, such as in extreme events12. Thus, 
dynamic analysis is needed to represent these short-term shocks. The analysis, however, needs extensive amount of 
data and time consuming and it is quite difficult to obtain complete data in water insecure countries (developing or 
less developed countries).  
The study shows that the use of hydro-economic models are not only able to provide discussion bases for 
government to take decision in managing the risk of global change but also can be used for donor countries to help 
developing or less developed countries to achieve water security. The hydro-economic models can be used to deal 
with associated risk of global change by assessing the urgency and timing of water investment.   
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